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non-Euclidean geometry: the Beltrami model, the Klein model, and the Poincare 
model, in particular. 
Chapter 8 deals with higher dimensional spaces, and the more substantial Chap- 
ter 9 focuses on curvature. Not just Gauss and Riemann are discussed; Rosenfeld 
goes on to discuss Einstein and the impact of general relativity, affine connec- 
tions, fibrations, and Betti numbers. Topological properties of spaces are also 
considered. Chapter 9 looks at groups of transformations. The influence of Rosen- 
feld’s late friend, Isaac Yaglom, to whom the book is dedicated, is apparent. Most 
of the account is devoted to Lie groups and symmetric spaces. The book con- 
cludes in chapter 10 with a look at geometrical interpretations and applications of 
the theory of algebras, a topic on which Rosenfeld has himself done original 
mathematical work. 
The book seems to fall into two halves. The second half may be dispatched 
briefly. It comes at the end of most chapters, occupies the final two, and looks at 
modern topics. Here the treatment is rushed and, from an historical standpoint, 
superficial. Often very little more is provided than a summary of the mathematics 
with little attention to the historical context. The real difficulties in attempting to 
do better than this are known to everyone who has tried, but they are not solved 
here, and the result may prove indigestible, although accurate, mathematically 
speaking. The first half, coming at the start of most chapters, is much more 
worthwhile. The author commands an astonishing range of languages and has 
been well-placed to deal with a variety of topics. The result is a series of thorough 
discussions, often with new material, on topics that have not been written about 
usefully before or about which Rosenfeld finds new things to say. It is to be hoped 
that others will expand upon the insights in this half of the book. There are the 
usual problems with lack of references to Western literature, but this is a problem 
the other way round too, except when translations as good as this one are avail- 
able. In the difficult times for Glasnost that one must foresee at the end of 1990, it 
is more charitable to express the hope that increased contact between East and 
West will lead to more accounts of the history of mathematics as well-informed as 
this one. 
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The origins of algebraic topology lie in almost every branch of 19th-century 
mathematics. As one example, the central theorem in Riemannian complex analy- 
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sis is the Riemann mapping theorem. One form of it concerns regions of the plane 
bounded by a simple closed curve: do all such curves bound a finite region? Only if 
the answer is “yes” does the Cauchy residue theorem make sense. Happily, the 
answer is affirmative. The result is the Jordan curve theorem, first rigorously 
proved by Brouwer in 1907. (The analogous question in higher dimensions is much 
harder and was only sotved after the rise of algebraic topology.) A second case in 
point is Riemann’s topological definition of the genus of an algebraic curve. A 
third is Poincare’s study of dynamics, which led him directly to consider mani- 
folds of various dimensions. How can they be understood when they cannot be 
seen? What, indeed, in light of Cantor’s one-to-one correspondence between the 
line and the plane, is the dimension of a space? Correspondingly, algebraic topol- 
ogy grew up dealing with two different kinds of problems, ones where the underly- 
ing spaces are well-behaved (manifolds and varieties) and ones where the com- 
plexity is truly topological (compacta and similar spaces). 
What might have surprised even Poincare, however, was the remarkable 
growth of the subject, which has never lacked its own intrinsic problems nor 
substantial applications elsewhere. Any attempt to write its history necessarily 
involves the author in some tough choices and would surely daunt any but the 
most expert. Jean Dieudonne is to be congratulated for taking up the task and for 
discharging it with his customary clarity and vigor. The result is a book which 
deserves to be on the shelves of everyone interested in the nature of modern 
mathematics, and is an invaluable guide to the development of such a central part 
of it. It is worthy of comparison with the finest historical reports of the 19th 
century, which it indeed resembles in a number of ways. 
Dieudonne starts ruthlessly with 1900 and the work of Poincare on unalysis 
situs. These papers are famously difficult, and Dieudonne is a sure-footed guide, 
describing their significance while showing how inadequate, even erroneous, were 
most of Poincare’s arguments. On this basis, as refined by Heegaard, was built the 
theory of homology and later cohomology, first for manifolds and cell complexes, 
and later for general topological spaces. Such was the profusion of overlapping 
theories, many of a disagreeable technical complexity, that it was a major break- 
through when Eilenberg and Steenrod succeeded in axiomatizing homology and 
cohomology in the late 1940s. In this context arose the theory of categories and 
functors, at first as little more than a language for describing various common 
processes whereby one passes from one setting (say, spaces) to another (say, 
groups). Then it acquired a life of its own, before it returned to invigorate both 
algebraic topology and algebraic geometry via the theory of sheaves. 
Dieudonne goes on to devote 100 pages to applications: dimension theory, fixed 
point theory, the homology of classical spaces, and the work of Lefschetz and 
Hodge. Here he can be brief because of his earlier book on the history of algebraic 
geometry [Dieudonne 19741. Then, in Part 3, he turns to what some would con- 
sider the deepest part of the subject, the development of homotopy theory and its 
relation to homology. Again, he is ruthless in observing his chosen dates and 
passes over the extensive 19th-century prehistory. The result is space enough 
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(almost 300 pages) to present almost a complete mathematical introduction to the 
subject in an historical setting. Since their introduction by Hurewicz, homotopy 
groups, unlike their homological counterparts, have proved notoriously difficult to 
compute, and much of this story is rightly taken up with technicalities. There is a 
good account of fiber spaces, and the work of Serre and Bott on the homotopy 
groups of spheres. Eilenberg-MacLane spaces, characteristic classes, and pri- 
mary and secondary cohomology operations are discussed. The book ends with 
the rise of generalized homology and cohomology theories (that break slightly 
with the axioms of Eilenberg and Steenrod). From a wealth of applications the 
author provides a particularly exciting account of the impact of cobordism and the 
creation of the Hirzebruch-Riemann-Roth theorem, thus returning us to one of 
the classical roots of the subject. 
There are few topics in modern mathematics of importance comparable to 
algebraic topology, and fewer still are their historical accounts. A book with this 
high level of mathematical exposition is therefore most welcome, and we must 
hope that it will one day be matched by others. For its maximum impact, how- 
ever, it will be necessary to view it in the most appropriate light. One must say 
straight away that the algebraic side of the story dominates the geometric side, so 
that computational technicalities are often discussed. As a result, it is hard to 
imagine that many will read it from cover to cover. If you try, then for all its 
connecting paragraphs, what stand out are always the accounts of the mathemat- 
ics. The historical motivations are less vividly presented. This is not just a conse- 
quence of the author’s relying almost exclusively on published sources, it is a 
pedagogic strategy devised, one supposes, to make the book comprehensible and 
yet encyclopedic. This perspective of the author’s shows up in the scanting of the 
19th-century background, in his preference for final expositions over preliminary 
and programmatic accounts, and, more regrettably, in his passing over what little 
historical literature there already is on the subject. No mention is made, for 
example, of [Johnson 19791, [Johnson 19811, or [Scholz 19801. The result is a book 
that reminds one yet again that algebraic topology is a subject calling for great 
breadth of vision and mastery of detail at the same time. 
These remarks are not intended negatively. I believe that Dieudonne has writ- 
ten the most useful book possible on the subject, one that, like the best of the 
historical reports written around 1900, opens up the subject to all manner of other 
accounts. This book not only has the virtues of clarity and richness of scope, it is 
arguably the necessary preliminary to any other kind of study. Now, we have an 
accurate map of the historical landscape. Others can enrich it, refine it, adjust it, 
delve behind it, explore details, and provide alternative treatments. The store of 
archival material on this theme, because it is so recent, is surely large, and 
Dieudonne has left it all but unexplored. When that task is taken up, we will have 
the chance of making sense of it. Like many of the significant pieces of mathemat- 
ics it describes, this book makes it possible for others to work in the area. For 
that, the author deserves our heartiest thanks. 
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In 1975, one of us (B.G.) gave a series of informal lectures at the University of 
Washington on two examples of “lost mathematics”: tiling theory and the theory 
of rigidity. At that time, both subjects were indeed lost: they did not even exist as 
far as “mainstream” mathematics was concerned. But thanks in part to the inter- 
est generated by widely circulated mimeographed versions of these lectures, both 
subjects have been rediscovered and today are fields of active research. See, for 
example, Grunbaum and Shephard, [1980, 19831, Engel [1986], Crapo [1979], 
Connelly [1980], and Whitely [1984]. 
Independently of this renaissance, and evidently unaware of it, Erhard Scholz 
has undertaken the history of nineteenth-century developments in two subjects 
closely related to tilings and to rigidity: the refinement of the concept of symmetry 
in crystallography (and its impact on the development of group theory), and the 
application of projective geometry to graphical statics. 
That pure mathematics was indeed influenced by these developments is well 
known to mathematicians working in these fields, but it is not appreciated by the 
larger mathematical community. At a time when mathematics is again becoming 
receptive to problems and methods of other fields, after a long period of self- 
involvement, Scholz’s work is most welcome. Many mathematicians will be sur- 
prised to learn, in particular, that Camille Jordan’s highly influential 1868 
M&moire sur les groupes des mouvements was inspired, at least in part, by the 
1850 crystallographic work of August Bravais. 
The first, “crystallographic,” part of the book can be divided into three parts: 
before Bravais, Bravais, and after Bravais. In the first part, Scholz discusses two 
major schools of thought on the issue of crystal symmetry, the “atomistic” and 
the “dynamistic.” Since Scholz restricts himself to the nineteenth century, the 
